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I. PURFOSE

The purpose of this contract is to genrcrate desigrn data making
possible thz comstruction of & reliable primary zinc-silver oxide bsttery
of improved activated charge retention characterictics, greater voltage
control, high energy density, increased tempersture stability, and reduced

gassing characteristics.
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ii. ABSTRACT

Studies conducted under the supervision of the National Aeronau-
cics and Space Administration, Contract NAS 8-5493, have resulted in a
primary ziac-silver oxide cell of improved design. Use of silver positive
grid results ip greater voltage control and increased activated cell life.
Design factors for an improved cell design are presented., Reliable acti-

vated stand life of four days at 1300F and two weeks at 700F are indicated..




O- L

@

IIT, FACTUAL DATA AND DISCUSSION

A, Curve-Fitting by Computer

An attempt has been made to determine an equation describing vol-
tage and capacity responses for cells of varying design chkaracteristics.¥®
The equation is of the type Y =/ aj -+ Byb -+ szz + ZEC + (}CZ + dj +aie
+: e + Kif + K92 + gy + heg.(1) The letters b, c, e and f refer to the
variable level numbers employed in a certain cell. The terms ai, dj, 8k
and h, represent values calculated by computer to represent the cffect of
levels of the qualitative factors A, D, G and H. The terms /55 By, B2,
V/i,‘{;, di, cfz, Ki, and Ky were also determined by computer by the met-
hod of least fquares. ’

Values were determined for a2ll terms included in equation (1) to
allow description of both capacity and voltage responses for stand periods
of two hours, four days, six days, eight days and ten days at a temperature
of 130°F. Table No. I reveals values used in calculating voltage respon=
ses.,

In the experimental series, which yielded data for the determin-
ation of equation (1), actual responses were obtained from a maximum of
eighteen of the more than five thousand included in the full factorial re-
plicate set. It was anticipated that if effects of the test variables were
consistent and included no important interactions, equation (1) might
satisfactorily predict responses for any of the five thousand possible
cell designs. This has proved to be impractical, however. For instance,
after a stand period of eight days at 130°F, Cell Nos. 19 and 25 were in-
ternally shorted. Therefore, terms of the least squares equation were
determined from sixteen, rather than eighteen responses. Table No, II
%Rce Progress Report No. 10, pp 12 and 13, NAS R-5493 for a presentatiom

of the construction variables associated with this series of experi-
mental cells.




O-

O

contains comparative data whereby the response deterioration characteristics
were used to estimate closely respouses which Cell Nos. 19 and 25 might have
exhibited, had they not suffered premature electrical failure. Responses

were also calculated by means of equatica (1).




Values Used in Calculating Voltage Response

By Use of Least Squares Equation (1)

TIRM 2 Hr., 4 Days 6 Days 8 Days 10 Days
Fo 91.103 76.866 84,841 72.325 80.733
a, -0,916 -5.975 -0.284 -5.770 -4.,333
ay 1.758 3.325 -1.598 5.209 3.000
as 0.577 5.958 ~-0.760 3.997 1.060
ag -1.439 -3,308 2,639 -3.437 0.267
31 0.187 -7.083 1,202 -6.231 3.816
By -0.477 1,983 -0.416 0.499 -3.116
s 2.340 5.550 4,243 11.183 8.433
e -0.929 0.649 -1.846 -2.008 -3.766
dg -2.069 4,649 2,221 -0.685 ~2.483
dy 2.069 4,649 2,221 0.635 2,483
5 ~0.342 -2.350 5.327 -5.097 0.333
ol -0,262 1.283 ~2.510 3.239 -0.800
Xy 3.869 18.499 5,852 15.088 2.383
Xy ~1,360 -7.633 3.259 -5,463 -0.083
3o 0.331 2,200 1.343 2.779 -1.179
31 -0.562 -0.233 -2,090 3,163 1,089
gz 0.232 -1.966 0.747 0.384 0.090
hy -0.005 -0.099 0.368 0,079 0.084
ny 0,005 0.0099 -0.368 -0.079 -0.084

-5 -
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ABLE NO. II

RESPONSES {voltaze¥¥)

]

Cell No. 2 Hr. 4 Da, 6 Da. 8 Da. 10 Da.
2 96.0 86.0 85.3 34.0 84.0
3 88.7 78.7 81.3 73.3 76.0
4 92,7 86.0 85.0% 84.0 84.7
6 94,7 89.3 356.0 80,7 82.7
7 26.0 92,0 38.0 85.3 88.7
8 20.7 79.3 £2.0 78.7 83.3

10 %6.0 92.0 92.0 88.0 89.3
12 90.7 76.0 76.0 74.0 79.3
13 80.7 84 .7 85.3 82.0 36.0
i4 %4 .7 95.3 2.0 89.3 89.3
17 87.3 77.3 82.0 73.3 82.0
i3 3.3 85.3 85.3 74.7 77.3
19 90.7 33.0% 34.0 80,0% 77.3
z0 91.3 84 ,0% £1.3 77.3 82.0
3 92.0 80.7 85.3 80.0 82.7
24 8.3 76.0 80.7 75.3 79.3
25 2.0 84.7 36.7 84 .0% 82.0%
27 90.7 79.3 7¢.3 76.3 75.0%

“Responses for these cells (which failed to deliver usable capacity) were
estimated from the response pattern.

**These responses are obtained by dividing the cell discharge voltage after
15 seconds by 1.50 volts. This artificial response facilitates handling
of data,
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These caleuinted veosgonses are irdicated by the points falling
awey from the response -urves in Figure Nos. 1 and 2.

It is indicated that there may be interactions between several of
the cell variables, since the effect of including 2 specific design factor
is not predictably constant among a large number of cell design combina-
zions. Such interactions would require a larger orthogonal fractional re-
plicate test group for complete evaluation,

Data in Figure Nos. 1 and 2 also re-emphasize another basic fact.

Divect ccmparison of data discloscd by these figures reveals that several

|4

cclls represcnting msxima on the capacity response pattern correspond to
minima on the voliage response pattern. Sliopes of corresponding straight
line segments represented by the two figures are frequently of opposite
a2lgebraic sign. This again confiims that common mecasures takem to improve
capacity retention are deleterious to voltage control, and vice versa. This
is a graphic indication of the difficulty encountered in producing an opti-
mum "general purpose’’ cell desigu.

At the present state-of-tne-art, it appears that it is impossible
to imcorporate meximum capacity retention aad maximum voltage regulation in
2 single cell design.

Data of Figure Nos. 1 and 2 do, however, indicate that Cell Nos. 10
and 14, following eight days stand at 120 F, exhibit the grcatest voltage re-
sponses, while their capacity responses are also well above the overall mean.
Many features of these cell designs have been included in the design of the

preprototype and prototype cells.
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3. Preprotcrvoe and 2rocobyne Jell Tesian

Prototype tells of improved design have tcen discharged at room
temperature following stand periods, at +130°F, of caree, five, seven,
eleven and seventeen days, In addition, open circuit voltages of all cells
vere monitored and recorded daily while on stand at elevated temperatures.

These voltages are displayed by Table Nos., III and IV. Certain cells were

constructed with silver positive grid metal, while in others the active

rmaterial was deposited nickel grid material. Discharge characteristics

for celis on stend test are displayed by Figure Nos. & through 8, Data in

A‘J

Figure No, 3 tevealis 2 significanc variance between opeii-circuit voltage,
retention-of~charge characteristics of the two experimental series of cells.

5
1

Those cells having silver potftive grid metal maintained higher open-circuit
voltage., In addition, following seventeen days activated stand, none of

the remaining five cells, having nickel positive grid, yielded useable cap-
acity, while all cells having silver positive grid yielded only slightly de-

creased volitase. Increased open-ciccuit voltage exhibited by cells having

apparently reflected in the initial voltage

[O]
o
H
.y
(\
a1
v
e}
3}
Hc
H-
<
i
oo
[
e
QA
vl
ol
*
{3
‘—J
.
w

during the first few minutes on discharge., Cells employing nickel posi-
tive grids display slightly greater ampere~hour efficiency initially. How-
ever, capacitics of the two cell types converge with increased activated
stand periods and cells employing nickel positive grid metal were first to
suffer total fuilure, as disclosed by an inability to delivexr capacity.
Further studies would be necessary to deteimine which of the many commer-

cial silver grid products may be most egonomlcal ly used without sacrific-

ing cell voliage control during high rate discharges.

- 10 -
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UPEN-CIKCUIT VOLTAGES ON STAND

PREPRCTCIYPE CELL
NICKEL POSITIVE CRID

DAYS CN STAND

‘---------CD-

|
3 5 6 7 10 12 g 17

1.85

1.85 1.385 1.84

1.85 1.84 1.31 1.8% 1.381

1.64 1.82 1.80 1.80- 1.80

1.85 1.84 1.83 1.83 1.8z 1.72 1.59

1.84 1.34 1.81 1.81 1.81 1.74 1.65

1.85 1.54 1.84 1.84 1.32 1.67 1.58 0.22

1.35 1.84 1.84 1.84 1.83 1.72 1.58 0.22

1.85 1.64 1.61 1.01 1.81 1.74 1.51 1.56

1.84 1.34 1.82 1.82 1.81 1.73 1.67 1.56

1.84 1.34 1.84 1.58 1.58 1.58 1.58 1.56
51.85 1.84 1.82 I»1.79 |>1.72 1.70 1.62 1.03

- 12 -
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ter a stand period of four days at +130°F.

iy

led a

[}
| )

vere observed to have £
It is indicoted that individual cells mey be expected to perform reliably
after z minimum of four days stanc at +130°F. 4n activated life of two
wecks appears obtainable at a stand temperature of 75°F. These improve~
ments in overall cell performance result from changes in cell design and
manufacturing processes as well as greater quality assurance measures.
That is, the activated stand life of a primary cell has been significantly
increased at no appreciable loss in energy demnsity.

iV. SUZHARY

A, Pheses of study, as outlined in the Master Schedule, are essen=-

tially complete. These studies were accomplished either directly, as in

[ O]

eparator evaluations, or indirectly ia 2 fractional factorial experimental
series dealing witﬁ capacity retention and voltage regulation.

B. Under controlled comditions, individual cells may be expected to
perforn reliably following four days activated stand at 130°F or two weeks
at 70°7., This represents an estimated minimum which might be increased as
2 resulit of detailed reliability studies. This increased reliable acti-
vated 1ifc rvesulis from experimental studies which yielded an improved
cell design, as well as from continual iImprovement in the area of quality
assurance as related to production procedures.

C. Studies to date indicate that very small fractional replicates
may not be adequate to provide data neceded to accurately predict res-
ponses for an extiremely largze number of individual cell designs. This
apparently arises in part from intevactions among design factors. For
complete evaluation, these interactioms could best Le determined by a

large fractional replicate or by several full factorials involving only

- 20 =
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a few carefully selected variables., Careful consideration will be given to
this phase in outlining a master program in the extension of this work.

D. Use of siiver positive grid metal and carefully prepared positive
and negative active materials results in greater retention of open-circuit
voitage as well as improved discharge voltage characteristics.

V. PROGRAM FOR THE NEXT INTERVAL

During the twelth contract month, extensive preparation will be dir-
ected towvard the planning of enlarged studies to be conducted under the
Modificztion to Contract No. NAS 3~5493. This will include reviews of pat-
€8, progress reports and other technical literature, as well as schedul-
ing the various phases of study. All work, both fundamental and applied,
will be directed towards improvement of performance characteristics of the
>vimary zinc-silver oxide system, with emphasis on retention of capacity,
vootage control, and high rate capabilities throughout long periods of ac-
Zivated stand, e statistical approach of investigation will be employed
wvnerever applicable. Each of the two coming contract months will be short-
ened by the two-week plant vacation shut-down,

VI. PERSONNEL

The following totals of man-hours have been expended during the con-
tract period:
Engineering - 1500

Technical - 2403
TOTAL -~ 3903
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